We explored the prevalence of and risk factors for type 2 diabetes in the adult population of Shanghai (China) with and without dyslipidemia.
Background
Type 2 diabetes is one of the most common chronic conditions and its prevalence has increased continuously over the past decades. China's rapid economic growth, increased life expectancy, and altered lifestyle have significantly increased the prevalence of type 2 diabetes [1] [2] [3] . Dyslipidemia is a common comorbidity in diabetes [3] . In Asian and European epidemiological studies, hyperlipidemia is commonly associated with diabetes [3, 4] . However, few, if any, epidemiological surveys have investigated the role of serum lipids in incident of type 2 diabetes in Shanghai, the biggest city of China [5] .
Therefore, we carried out a subanalysis of dada of the Shanghai Dyslipidemia Study [6] , using a cross-sectional survey to determine the prevalence of type 2 diabetes in patients with and without dyslipidemia. We assessed the risk odds of type 2 diabetes associated with different type of hyperlipidemia in the adult population of Shanghai.
Material and Methods

Study design and participants
The study is a stratified, multistage cluster sampling research involving 2 rural districts and 4 urban districts of Shanghai region. The study design, selection criteria, methodology, and participants' baseline characteristics have been detailed elsewhere [6] . Inclusion in the study was restricted to adults aged at least 16 years and registered as local residents. Participants with known type 1 diabetes, serious diseases, or pregnancy were excluded. Anthropometric indexes, including body weight, height, and waist and hip circumference, were measured. Body mass index (BMI, weight/height 2 [kg/m 2 ]) and waist-to-hip ratio (WHR) were calculated from these measurements. The levels of serum triglyceride (TG), total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C) were measured. Participants were administered a standard 2-h 75-g oral glucose tolerance test (OGTT).
The study protocol, which is in accordance with the Declaration of Helsinki and the Ethical Guidelines for Clinical/Epidemiological Studies of the National Health and Family Planning Commission of the People's Republic of China, received ethics approval from the institutional review boards of all the participating institutions. All enrolled patients provided written informed consent.
Individual data were forwarded to the Epidemiology Unit of Shanghai Jiao Tong University for data analysis. [7] . Previously diagnosed diabetes was identified by a valid questionnaire. Impaired glucose regulation was defined as either impaired fasting glucose or impaired glucose tolerance.
Working definitions
According to the criteria set by the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III) [8] , hyperlipidemia was classified into three phenotypes: isolated hypertriglyceridemia (TG ³1.7 mmol/L and TC <6.2 mmol/L); isolated hypercholesterolemia (TC ³6.2 mmol/l and TG <1.7 mmol/L); and mixed hyperlipidemia (TG ³1.7 mmol/L and TC ³6.2 mmol/L).
Statistical analysis
All analyses were performed using SPSS for Windows (version 13.0; SPSS Inc., Chicago, IL, USA). The significance of univariate differences was assessed by chi-squared and Student's ttests. Logistic regression analysis was performed to estimate the odds ratio (OR) of type 2 diabetes and 95% confidence intervals (CIs). We used logistic regression models to estimate the adjusted odds ratios (ORs) and 95% confidence intervals (CI) for incident type 2 diabetes comparing three phenotypes of hyperlipidemia categories to the normal group. The data were adjusted for the multiple covariates. In the multivariate models, we included variables that might confound the relationship between hyperlipidemia and type 2 diabetes, which include: age (per 10-yr increment), sex, urban residence, waist circumference, BMI and phenotypes of hyperlipidemia. A P-value<0.05 was considered statistically significant and all values were two-sided.
Results
Sample status
A total of 17 526 individuals were invited to participate in the study, of which 14 401 participants completed the study, with an overall response of 82.2%. After the exclusion of 12 subjects with missing plasma lipid profile, 14 385 (42.8% men) were included in the final analysis. Of these, 14 342 (99.7%) were ethnic Han Chinese, 5084 subjects were from rural and 9301 were from urban areas, aged 16-88 years, living in Shanghai.
Prevalence of type 2 diabetes and impaired glucose regulation
There were 1456 subjects (10.1%) with type 2 diabetes, including 699 (11.4%) men and 757 (9.2%) women (Figure 1 ). The prevalence of isolated IGF, isolated IGT, and combined IFG and IGT was 10.8%, 4.1% and 2.4%, respectively. After age and sex standardization based on the 2000 China census data, the type 2 diabetes prevalence was 7.0% (7.6% for men and 6.7% for women) (data not shown). Men showed a significantly higher prevalence of diabetes than women (c 2 =18.28, P<0.01).
Prevalence of type 2 diabetes increased with age, from 0.9% (15-24 years age group) to 22.5% (65 years of age and older). The prevalence of type 2 diabetes was <10% before the age of 55 years. The prevalence of impaired glucose regulation increased with age.
The prevalence of isolated IFG, type 2 diabetes, and combined IFG and IGT in urban areas was significantly higher than in rural areas (13.8%, 12.8%, and 2.9%, respectively, in urban areas; and 5.2%, 5.2%, and 1.3%, respectively, in rural areas; all P<0.01). However, the prevalence of isolated IGT in rural areas was higher than that in urban areas (2.9% vs. 1.3%, P<0.01) ( Table 1 ).
The prevalence of type 2 diabetes was higher in subjects with hyperlipidemia than that in subjects without hyperlipidemia (16.9% vs. 7%, P<0.01) ( Table 2) . A similar higher prevalence was observed for isolated IGT (6.3% vs. 3.0%, P<0.01) and combined IFG and IGT (3.9% vs. 1.7%, P<0.01).
Analysis of risk factors for type 2 diabetes
The 14 385 subjects were divided into diabetes group (1456) and non-diabetes group (12 929) . Univariate analysis showed that sex, age, BMI, WHR, waist circumference, FPG, 2-h PG, triglyceride, TC, TC/HDL-C (total cholesterol/HDL cholesterol ratios), and non-HDL-C (non-HDL cholesterol) were associated with diabetes (Table 3) . Multivariable logistic regression revealed that urban residence, age, waist circumference, isolated hypertriglyceridemia, isolated hypercholesterolemia, and mixed hyperlipidemia were independently related to type 2 diabetes. The odds ratio (OR) for type 2 diabetes and the corresponding 95% confidence intervals (CI) were calculated using a dichotomous variable logistic regression model (Table 4) .
Age-and sex-specific blood glucose categories in hyperlipidemia
Compared with individuals without hyperlipidemia, levels of FBG and 2hPG increased in subjects with hyperlipidemia in most of the age groups both in men and women ( Figure 2 ). No differences in average levels of FBG and 2hPG were seen between men and women. The levels of FBG and 2hPG increased with age.
The prevalence of type 2 diabetes increased significantly with increasing BMI (P<0.05 for both hyperlipidemia and without hyperlipidemia) in normal waist circumference subgroups ( Figure 3 ). In each BMI subgroup, the prevalence of type 2 diabetes was higher in central obesity than in normal waist circumference (P<0.05 for both hyperlipidemia and without hyperlipidemia).
Discussion
The prevalence of type 2 diabetes was reported to be 6.87% in a sample of 5628 men and women aged 20-94 years, living in a Shanghai urban community in 2001 [5] . This study reports one of the largest population-based type 2 diabetes studies ever conducted in Shanghai. Our investigation demonstrated that the prevalence of type 2 diabetes among Shanghai adults was 10.1%, which is higher than the Chinese national average (9.7% in 2008) [2] . Furthermore, the prevalence rates of impaired Table 1 . Comparison of abnormal glucose metabolisms prevalence and serum glucose concentrations between urban and rural residents in Shanghai.
* P-value <0.01 between with and without hyperlipidemia; ** P-value <0.05 between with and without hyperlipidemia; *** P-value <0.01 between rural and urban areas. BMI -body mass index; WC -waist circumference; FPG -fasting plasma glucose; 2h-PG -2-h postprandial plasma glucose; IFG -isolated impaired fasting glucose; IGT -isolated impaired glucose tolerance; IFG+IGT -combined impaired fasting glucose and impaired glucose tolerance.
fasting glucose and impaired glucose tolerance (17.3%) found in this study were significantly higher than average Chinese national standards (15.5%). The prevalence of diabetes was higher among urban than rural residents [2] . Thus, the high incidence of diabetes in Chinese adults prompted screening of the highrisk population for early detection of diabetes.
Patients with hyperlipidemia are at an increased risk of developing type 2 diabetes and abnormal glucose metabolism [4] , as well as increased morbidity and mortality from type 2 diabetes and cardiovascular disease [9, 10] . It is well established that serum lipid profiles are worse in diabetic than in non-diabetic individuals from different ethnic groups [3, 4] . We found that subjects with hyperlipidemia showed higher FPG and 2h-PG levels than normolipidemic individuals. To the best of our knowledge, the prevalence of type 2 diabetes in the dyslipidemia population has been less studied in China. This might be the first large-scale epidemiologic study on the prevalence of and risk factors for type 2 diabetes in Chinese patients with dyslipidemia in China.
The most common pattern of dyslipidemia in Chinese with and without type 2 diabetes is represented by elevated serum triglyceride levels and hypertriglyceridemia [11] . Hypertriglyceridemia was an independent risk factor for type 2 diabetes in Qingdao, north China [12] . Hypertriglyceridemia (31.8%) was the most * P-value <0.01 between with and without hyperlipidemia; ** P-value <0.05 between with and without hyperlipidemia.
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common phenotype of hyperlipidemia in this study, and therefore, a total of 547 diabetics (35.7%) were diagnosed with hypertriglyceridemia. However, the risk of isolated hypertriglyceridemia and isolated hypercholesterolemia for type 2 diabetes was almost similar (OR 1.7 vs. 1.5) in this study. Our study showed that subjects with mixed hyperlipidemia were more than 3 times higher at risk of developing type 2 diabetes compared with participants with normal lipidemia. Some studies supported the association of serum glucose with TC level, although not as clearly as compared with serum triglyceride level [3] . In addition, isolated low HDL-C showed no effect on the prevalence of type 2 diabetes in this study. Table 3 . Anthropometric data and serum glucose and lipid levels in 14,385 participants in Shanghai, China.
a P-value for comparison between subjects with normal glucose tolerance or not at a=0.01 level. BMI -body mass index; WC -waist circumference; WHR -waist-to-hip ratio; TC -total cholesterol; TG -triglyceride; HDL-C -high-density lipoprotein cholesterol; TC/HDL -total cholesterol/HDL cholesterol ratios; non-HDL -non-HDL cholesterol (the difference between total cholesterol and high-density lipoprotein cholesterol); FPG -fasting plasma glucose; 2h-PG -2-h postprandial plasma glucose; IFG -isolated impaired fasting glucose; IGT -isolated impaired glucose tolerance; IFG+IGT -combined impaired fasting glucose and impaired glucose tolerance.
Type 2 diabetes and hyperlipidemia are diagnosed within the same individuals, due to common risk factors including age, sex, obesity, physical inactivity, and high fat diet. The prevalence of hyperlipidemia increased with age, which was reported in our previous study [6] . those aged 65 years or older. Although the prevalence of hyperlipidemia was higher in men than in women, we observed a similar risk of diabetes between men and women with hyperlipidemia, which was confirmed by multivariate analysis. Although these shared risk factors increased the risk of type 2 diabetes and dyslipidemia, these factors were interrelated and difficult to assess in isolation.
Type 2 diabetes is characterized by both insulin resistance and hyperinsulinemia. In hyperlipidemia patients, the free fatty acids act as precursors to gluconeogenesis in the liver, increase apoptosis in beta cells of the pancreas, and raise insulin resistance in muscles [13] , resulting in impaired insulin secretion and persistent hyperglycemia. The biological links between diabetes and dyslipidemia are not clear [14] .
Serum lipid values are the predictors of coronary heart disease among East Asians with diabetes. Aggressive interventions in dyslipidemia reduce the risk of cardiovascular event for patients with type 2 diabetes. Recent findings from the Cholesterol Treatment Trialists study using individual patient data in meta-analysis indicate that the benefits of primary prevention with statins include lower (<1% per year) risk of a major cardiovascular event [15] . On the other hand, improved glycemic control is very effective in reducing serum triglyceride levels. Insulin therapy (alone or with insulin sensitizers) may also be particularly effective in lowering serum triglyceride levels in diabetic patients with hyperlipidemia [16] . Endothelial function is associated with complex interaction between dyslipidemia and incident of type 2 diabetes and cardiovascular disease [17, 18] .
Our study has several limitations. First, previously diagnosed diabetes was defined as self-reported diabetes using a questionnaire, resulting in a potential bias. Second, the time point of diabetes diagnosis was not considered in the study. Finally, we failed to evaluate the role of pharmacological anamnesis and family history of diabetes in development of type 2 diabetes. In China, more than 40% of patients with type 2 diabetes remain undiagnosed and untreated.
Conclusions
Our study suggests that type 2 diabetes is very common in hyperlipidemia patients in Shanghai, and both serum levels of triglyceride and TC are associated with FPG and 2h-PG. Therefore, prompt intervention for prevention and treatment of diabetes in patients with hyperlipidemia, especially combined hypertriglyceridemia and hypercholesterolemia, are required. In 2009, the USPSTF concluded that the evidence was insufficient to recommend for or against routinely screening asymptomatic adults for type 2 diabetes or pre-diabetes, but it did recommend screening adults with hypertension or hyperlipidemia [19, 20] . Screening adults for type 2 diabetes in Chinese patients with hyperlipidemia may be effective, especially in those with mixed hyperlipidemia in China.
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